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INTRODUCTION
T h is  t^ h e s ls  i s  a  r e p o r t  on  a  r e s e a r c h  p r o j e c t  c a r r i e d  
o u t  a t  t h e  s u g g e s t io n  and  u n d e r  t h e  g u id a n c e  o f  Dr# 0 .  R u lo n  
J e p p e se n #  p r o f e s s o r  i n  t h e  P h y s ic s  D e p a rtm e n t a t  M ontana 
S t a t e  U n iv e r s i ty #  T h e re  i s  r e a s o n  t o  b e l i e v e  t h a t  a  m ix tu r e  
o f  H elium  and  H ydrogen  u n d e r  t h e  p r o p e r  c o n d i t i o n s  o f  p r e s *  
s u r e  an d  e x c i t a t i o n  w i l l  r e s u l t  i n  an  i n t e r ^ a c t l o n  due t o  
t h e  m e ta s t a b le  s t a t e s  o f  H elium # t h e  2^S^# an d  t h e  2^5%  ̂
s t a t e s # ^  r e s u l t i n g  i n  s e l e c t i v e  e x c i t a t i o n  o f  t h e  H ydrogen  
m o lecu le#  I t  i s  n o t  t h e  i n t e n t i o n  o f  t h i s  p a p e r  o r  t h e  
a u th o r  t o  a t t e m p t  a  q u a n t i t a t i v e  a n a l y s i s  o f  t h i s  e f f e c t  a t  
t h i s  tim e#  b u t  r a t h e r  t o  a s c e r t a i n  w h e th e r  s u c h  a n  e f f e c t  i s  
e v id e n c e d #  and  i f  so# t o  w h a t d e g r e e  an d  u n d e r  w h a t c o n d i t io n s #
iG e rh a rd  H erzb e rg #  A tom ic S p e c t r a  a n d  S t r u c t u r e  (New 
Tories D over P u b l i c a t io n s #  S eco n d  E d i t io n #  19t4T%
<»1##
PART I
OUTLINE OF THE INVESTIGATION
The d la c h a r g e  tu b e  w h ich  l a  p i c t u r e d  i n  F ig u r e  1 
w as a t t a c h e d  t o  a  vacuum  s y s te m  an d  t h e  d i s c h a r g e  i n  a  mix<- 
t u r e  o f  h y d ro g e n  a n d  h e l iu m  w as p h o to g ra p h e d  w i th  a  q u a r t s  
s p e c tr o g ra p h #  The s y s te m  b e in g  s t a t i c ,  i t  w as p o s s i b l e  t o  
t a k e  a  s e r i e s  o f  e x p o s u re s  a l l  o f  w h ich  h a d  t h e  same p r o p o r*  
t i o n s  o f  t h e  tw o  g a se s#  Some h u n d re d  an d  f o u r  e x p o s u r e s  w e re  
t a k e n  i n  t h i s  m anner b e f o r e  t h e  optim um  c o n d i t i o n s  w e re  
e s t a b l i s h e d  an d  a  s a t i s f a c t o r y  i n d i c a t i o n  p h o to g ra p h e d #  No 
a t t e m p t  w as made t o  i d e n t i f y  t h e  s p e c t r a l  l i n e s  o r  b a n d s  
w h ich  w ere  a f f e c t e d  i n  t h e  v i s i b l e  p o r t i o n  o f  t h e  s p e c t r a ;  
t h i s  w ork h a v in g  b ee n  d o n e  s im p ly  t o  f i n d  t h e  c o n d i t i o n s  m o s t 
f a v o r a b le  f o r  t h e  e f f e c t #  T he e q u ip m e n t u s e d  i n  t h i s  p a r t  o f  
th e  w ork i s  p i c t u r e d  i n  F ig u r e  2# A m ore d e t a i l e d  d esc rip * *  
t i o n  o f  p ro c e d u re  a p p e a r s  i n  th e  s e c t i o n  on e x p e r im e n ta l  pro<* 
c e d u re s  an d  equ ipm en t#
A f t e r  t h e  ab o v e  m e n tio n e d  w ork  h a d  b e e n  c o m p le te d ,  
t h e  d i s c h a r g e  tu b e  an d  a s s o c i a t e d  a p p a r a tu s  w e re  t r a n s f e r r e d  
t o  t h e  vacuum  s p e c tr o g r a p h #  A f t e r  c e r t a i n  d e l a y s ,  due  m a in ly  
t o  t h e  in e x p e r ie n c e  o f  t h e  a u t h o r ,  p h o to g r a p h s  w e re  t a k e n  i n  
t h e  u l t r a - v i o l e t # The s y s te m  i n  t h i s  c a s e  w as n o t  s t a t i c
—2—
an d  much e x p e r im e n t  w as r e q u i r e d  t o  f i n d  a  znethod o f  main** 
t a l n l n g  a n y  s o r t  o f  s t a b i l i t y  d u r in g  a n  e x p o su re #  On t h e  
tw e n ty ^ s e v e n th  e x p o s u re  a  d e f i n i t e  I n d i c a t i o n  o f  t h e  e f f e c t  
w as fo u n d  and  t h i s  I n d i c a t i o n  a p p e a re d  on  n e a r l y  e v e r y  good  
e x p o s u re  s u b s e q u e n t  t o  t h i s  e x p o su re #  The te rm  **good" a s  
u s e d  ab o v e  i s  m ean t t o  i n d i c a t e  a n  e x p o s u re  w h ic h  m ig h t b e  
u se d  f o r  t a k i n g  m easu rem en ts#  Some o f  t h e  r e a s o n s  f o r  t h e  
e x p o su re s#  w h ich  f o r  l a c k  o f  o t h e r  w o rd s  m u st b e  te rm e d  **not 
good#* a r e  d e s c r i b e d  i n  d e t a i l  i n  th e  s e c t i o n  on  p r o c e d u r e s  
an d  equ ip m en t#  I n  t h a t  s e c t i o n  t h e r e  a r e  p h o to g r a p h s  a n d  
d ia g ra m s  g iv in g  a  f a i r  i d e a  a s  t o  t h e  e q u ip m e n t u sed#
PART I I  
PROCEDURES AND EQUIPMENT
I ,  E le m e n t8 Used» T h e i r  S o u rc e  an d  M ethods
o f  P u r i f i c a t i o n
I t  w as t h e  h o p e  o f  t h e  a u t h o r  a t  t h e  b e g in n in g  t h a t  
b o t t l e d  Ü2 c o u ld  b e  u s e d .  We h ad  in t e n d e d  t o  u s e  p a l l a d iu m  
tu b in g ^  t o  p u r i f y  an d  c o n t r o l  t h i s  Rg» h o w e re r  d u e  t o  d i f ­
f i c u l t y  i n  p r o c u r in g  t h e  p r o p e r  g l a s s  t o  make g ra d e d  s e a l s  
f o r  t h e  a p p a r a tu s ^  we w ere  f o r c e d  t o  m a n u fa c tu r e  o u r  own 
by e l e c t r o l y t i c  d i s a s s o c i a t i o n  o f  a  p h o s p h o r ic  a c i d  s o l u t i o n .  
The Rg d r i e d  by p a s s i n g  i t  th r o u g h  P2O5 an d  no f u r t h e r  
p u r i f i c a t i o n  w as n e c e s s a r y .
The s o u rc e  o f  t h e  He u s e d  p r e s e n t e d  no p ro b le m  a s  
b o t t l e d  g a s  w as u sed »  h o w ev er t h e  m ethod  o f  p u r i f i c a t i o n  
d e s e r v e s  m e n tio n  h e r e .  A t t h e  s u g g e s t io n  o f  D r , J e p p e s e n  a  
t r a p  o f  a c t i v a t e d  c h a r c o a l  w as u s e d .  The t r a p  i s  p i c t u r e d  
i n  F ig u re  1 o f  t h i s  s e c t i o n .  An o ven  w as b u i l t  w h ich  c o u ld  
b e  a t t a c h e d  t o  t h e  t r a p  w h i le  i t  w as c o n n e c te d  t o  t h e  vacuum  
sy s te m  and  th e  c h a r c o a l  w as h e a te d  u n d e r  vacuum  t o  a b o u t  300
I J o h n  S t r o n g ,  P r o c e d u r e s  i n  E x p e r im e n ta l  P h y s ic s  (New 
X ork i P r e n t i c e - K a l l »  I n c ,  C o p y r ig h t  Ï 93S» p r i n t e d  1947» 1 3 th  
p r i n t i n g ) ,
^ I b i d ,
«4^
^ 5 -
d e g r e e s  c e n t i g r a d e .  A f t e r  t h e  o u t g a s s l n g  w as c o m p le te ,  t h e  
t r a p  w as c o o le d  an d  a i r  i n t r o d u c e d  i n t o  t h e  s y s te m . The 
c h a r c o a l  w as th e n  o u tg a s s e d  a g a in  and  t h e  c y c l e  r e p e a t e d  
u n t i l  t h e  t r a p  w ou ld  r e d u c e  th e  p r e s s u r e  f ro m  a tm o s p h e r ic  t o  
a  few  c e n t im e t e r s  o f  Kg* A f t e r  th e  f i n a l  o u t g a s s l n g  t h e  
t r a p  w as i s o l a t e d  fro m  t h e  vacuum  s y s te m  a n d  h e l iu m  w as i n ­
t ro d u c e d  i n t o  i t #  F u r t h e r  o u t g a s s l n g  w as necessaz* y  a f t e r
th e  t r a p  h a d  b e e n  u s e d  f o r  some t im e  and  e v e n t u a l l y  t h e  t r a p
h a d  t o  b e  r e p l a c e d  d u e  t o  c o n ta m in a t io n  o f  t h e  g l a s s  w o o l 
p lu g s  w h ic h  w ere  so  p l a c e d  i n  t h e  o r i g i n a l  t r a p  a s  t o  b e  
im p o s s ib le  t o  o u t  g a s .  The c o o l i n g  a g e n t  w as d ry  i c e  i n  a
Dewar f l a s k  p la c e d  a b o u t  t h e  t r a p .
I t  w as fo u n d  t h a t  a  s im p le  m asfhom eter a t t a c h e d  t o  t h e  
t r a p  g r e a t l y  f a c i l i t a t e d  t h e  p r o c e d u r e  o f  i n t r o d u c i n g  He and  
a l s o  p r e v e n t s  one fro m  t a k i n g  so  much He fro m  t h e  t r a p  t h a t  
t h e  c h a r c o a l  w ou ld  b e g in  t o  o u t g a s ,  t h e  l a t t e r  b e in g  a  s i t u ­
a t i o n  w h ich  w as h ig h l y  u n d e s i r a b l e .
X I. Vacuum S y s te m s
S e v e r a l  d i f f e r e n t  t y p e s  o f  vacuum  s y s te m s  w ere  em­
p lo y e d  i n  t h i s  w o rk , b u t  b a s i c a l l y  t h e y  in v o lv e d  t h e  sam e 
e le m e n ts .  T h ese  w ere  a  m e c h a n ic a l  fo re -p u m p  o f  w h ich  tw o 
d i f f e r e n t  t y p e s  w ere  em ployed  a n d  a  m e rc u ry  d i f f u s i o n  pump# 
W ith  v a r io u s  a r r a n g e m e n ts  o f  t h e s e  pum ps vacuum s o f  t h e  o r d e r  
o f  10 ^  mm. o f  Hg w ere  a c h ie v e d .
As m e n tio n e d  p r e v i o u s l y ,  w h i le  w o rk in g  i n  t h e  v i s i b l e
s p e c tru m  i t  w as p o s s i b l e  t o  u s e  a  m ore o r  l e s s  s t a t i c  s y s te m  
a s  t h e  tu b e  w as s e a l e d  e x c e p t  f o r  s to p c o c k s  w h ic h  w e re  c lo s e d  
o n ce  a  g iv e n  s e t  o f  c o n d i t i o n s  w as e s t a b l i s h e d *  T h is  elim*» 
i n a t e d  t h e  n e e d  f o r  pumps o f  h ig h  c a p a c i t y  a n d  i t  w as p o s s i b l e  
t o  u se  a  s i n g l e  s t a g e  m e rc u ry  d i f f u s i o n  pump b a c k e d  by  a  
s m a l l  m e c h a n ic a l  fo re ^ p u m p . T h is  sam e pum ping  a r r a n g e m e n t  
w as c o n n e c te d  th r o u g h  a  s to p c o c k  t o  t h e  He t r a p  a n d  w as s u f ­
f i c i e n t l y  f a s t  t o  e v a c u a te  t h e  w h o le  s y s te m  i n  a  m a t t e r  o f  
m in u te s .  H ow ever, due  t o  t h e  l e n g t h  o f  t h e  capiSLary connect*» 
i n g  t h e  Hg g e n e r a t o r  t o  t h e  t u b e ,  i t  w as n e c e s s a r y  t o  c o n n e c t  
a n o th e r  s i m i l a r  sy s te m  t o  t h i s  a p p a r a t u s  so  t h a t  t h e  c a p i l l a r y  
c o u ld  be e v a c u a te d  i n  a  m o d e ra te  p e r i o d  o f  t im e .  F ig u r e  2 
show s t h i s  a r ra n g e m e n t i n  some d e t a i l .
The w ork done  i n  t h e  u l t r a - v i o l e t  in v o lv e d  a  d i f f e r ­
e n t  p ro b le m  a s  t h e  tu b e  c o u ld  n o t  b e  s e a l e d  o f f  fro m  th e  
s p e c t r o g r a p h  due t o  l i g h t  a b s o r p t i o n  b y  t h e  g l a s s .  I n  a d d i ­
t i o n  i t  w as n e c e s s a r y  t o  m a in ta in  t h e  u d io le  s p e c t r o g r a p h  a t  
low  p r e s s u r e  t o  p r e v e n t  a b s o r p t i o n  o r ,  w o rse  y e t ,  t h e  i o n i z a ­
t i o n  o f  t h e  g a s  i n  t h e  s p e c t r o g r a p h .  To t h i s  en d  a  d o u b le  
s t a g e  m erc u ry  d i f f u s i o n  pump w as c o n n e c te d  d i r e c t l y  t o  th e  
s p e c t r o g r a p h  w h i le  a  s i n g l e  s t a g e  d i f f u s i o n  pump w as o n ce  
a g a in  c o n n e c te d  t o  t h e  tu b e  a n d  t h e  h e l iu m  t r a p .  I n  t h i s  
c a s e ,  h o w e v e r, t h e  Hg g e n e r a t o r  w as c l o s e  en o u g h  t o  b e  c o n ­
n e c te d  t o  t h e  same s i n g l e  s t a g e  pum p. The h ig h  p r e s s u r e  
l e a d s  o f  b o th  o f  t h e  m e rc u ry  pum ps w ere  c o n n e c te d  th r o u g h  
s to p c o c k s  t o  a  l a r g e  r e s e r v o i r  an d  t h i s  i n  t u r n  t o  a  m e c h a n i-
- 7 -
c a l  forepum p# F ig u r e  3 an d  a c c o m p a n y in g  p h o to g r a p h s  show 
t h e  a r ra n g e m e n t o f  t h i s  eq u ip m e n t#
P r e s s u r e s  w e re  m e a su re d  w i th  McLeod g a u g e s  * o n e  
c o n n e c te d  b e tw e e n  e a c h  pump an d  t h e  s y s te m  i t  w as e v a c u a t in g #  
The n e c e s s i t y  f o r  m ore t h a n  one  gau g e  a r o s e  fro m  t h e  f a c t  
t h a t  t h e  p r e s s u r e  i n  t h e  tu b e  d u r i n g  a  d i s c h a r g e  p e r i o d  c o u ld  
b e  a s  h ig h  a s  s e v e r a l  mm# o f  Hg w h i le  i n  t h e  s p e c  t o  g ra p h  i t  
m u st re m a in  a t  a  v e r y  lo w  l e v e l #  A ls o ,  w h i le  o u t g a s s l n g  t h e  
c h a r c o a l  i t  w as d e s i r a b l e  t o  l e a v e  a i r  i n  t h e  s p e c to g r a p h ,  
a  s i t u a t i o n  w h ich  r e q u i r e d  th e  i s o l a t i o n  o f  t h e  tw o  h a l v e s  
o f  th e  system #
I I I #  S p e c to g ra p h
The vacuum  s p e c to g r a p h  w as d e s ig n e d  by Dr# J e p p e se n #  
I t  em p loys a  Jo h n  H o p k in s  g r a t i n g  r u l e d  1 1 ,0 0 0  l i n e s  p e r  
c e n t im e te r  an d  h a v in g  a  r a d i u s  o f  c u r v a t u r e  o f  42  cm# I t  
g iv e s  d i s p e r s i o n  o f  t h e  o r d e r  o f  20 ang stro m s/m m  an d  h a s  a  
p r o b a b le  e r r o r  o f  #05 A. The m o u n tin g  i s  a  m o d if ie d  Pasohen-* 
Runge ty p e  a n d  t h e  g r a t i n g  i s  m ounted  a t  a lm o s t  n o rm a l 
in c id e n c e # ^
IV . P ro c e d u re
As t h e  s p e c t r o g r a p h  h a d  b e e n  i n  u s e  c o n t i n u o u s l y  f o r  
a  p e r io d  o f  s e v e r a l  m o n th s  a n d  h a d  b e e n  g i v i n g  e x c e l l e n t
3 L e l i a  V a le  S h a rp ,  *Hew E m is s io n  Band i n  t h e  E x tre m e  
U l t r a « - v io le t  S p e c tru m  o f  t h e  D e u te r iu m  H y d rid e  M o le c u le "  (u n ­
p u b l i s h e d  M a s t e r 's  t h e s i s ,  M ontana S t a t e  U n i v e r s i t y ,  1 9 5 0 )#
-Ô -
r e s u l t » ;  t h e  o n ly  p r e l i m i n a r y  a d ju s tm e n t  n e c e s s a r y  t o  p u t  
t h i s  in s t r u m e n t  i n t o  o p e r a t i o n  w as t h a t  o f  a d j u s t i n g  t h e  s l i t  
w id th .  T h is  i s  done v i s u a l l y »  b y  g u e s s  a t  f i r s t  an d  l a t e r
fro m  memory en d  e x p e r ie n c e #
The f i l m  u se d  w as a  Schum ann p r e p a r a t i o n  made on  
c o m m e rc ia l f i l m  w h ich  h a d  b e e n  c l e a r e d  o f  i t s  o r i g i n a l  em u l­
s io n #  T h is  f i l m  w as p r e p a r e d  by t h e  a u t h o r  i n  t h e  m an n er 
d e s c r ib e d  i n  a r t i c l e  l i s t e d  u n d e r  f o o t n o t e  4#
P h o to g ra p h s  w ere  t a k e n  w i th  v a r y in g  c o n c e n t r a t i o n s  
o f  t h e  tw o g a s s e s #  The m o st s a t i s f a c t o r y  r e s u l t s  w e re  o b ­
t a i n e d  when th e  Hg w as p r e s e n t  o n ly  a s  a  t r a c e #  The m o st 
s a t i s f a c t o r y  x&ethod o f  a c h ie v in g  t h i s  c o n d i t i o n  w as t o  t h o r ­
o u g h ly  e v a c u a te  t h e  sy s tem ^  th e n  i n t r o d u c e  p u r e  He an d  s t a r t  
t h e  e x p o su re #  A s u f f i c i e n t  am ount o f  Hg w ould  b e  e v o lv e d  fro m  
t h e  tu b e  and  e l e c t r o d e s  d u r in g  t h e  d i s c h a r g e #  I t  w a s , how­
e v e r ,  d e s i r a b l e  t o  t a k e  a  few  e x p o s u re s  o f  p u r e  Hg f o r  r e f e r ­
e n c e  p u rp o s e s  a n d  t h e  Hg i n t r o d u c e d  i n t o  t h e  tu b e  an d  p a r t l y  
c sc lu d e d  t h e r e i n  d u r in g  t h e s e  e x p o s u r e s  I n c r e a s e d  t h e  H2 
c o n c e n t r a t i o n  i n  t h e  d e s i r e d  e x p o s u re s #  A l l  o f  th e  e x p o s u r e s  
show t r a c e s  o f  c o n ta m in a t io n ,  p a r t i c u l a r l y  t h e  b a n d  s p e c t r a  
o f  N2« H ow ever, i n  th e  e x p o s u re s  c h o se n  f o r  m e a su re m e n t, t h e  
H2 s p e c t r a  a r e  so  much s t r o n g e r  t h a t  t h i s  c o n ta m in a t io n  may 
b e  n e g le c te d #  T h is  c o n ta m in a t io n  w a s , h o w e v e r , t h e  c a u s e  o f
4 j#  J#  H o p f ie ld  an d  E« T# 3# A p p le y a rd , " S i m p l i f i e d  
M ethod o f  P r e p a r in g  Schum ann P l a t e s , "  J o u r n a l  o f  P h y s i c a l  
O p t ic s  (S e p te m b e r , 19 3 2 ) 2 2 :4 ^ 0 -4 9 5 *
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e e v e r a l  s o u rc e s *  As m e n tio n e d  b e f o r e , t h e  a p p a r a t u s  
o r i g i n a l l y  u s e d  f o r  p u r i f y i n g  t h e  He becam e I m p o s s ib le  t o  
o u tg a s  c o m p le te ly *  On t h e  l o n g e r  e x p o s u re s »  t h o s e  o f  t h e  
o r d e r  o f  two h o u rs»  t h e  tu b e  w o u ld  b e  h e a te d  t o  som e e x t e n t  
an d  o u t g a s s ln g  w ou ld  o c c u r*  A lso »  a s  I t  w as I m p o s s ib le  t o  
c le a n  and  r e a d j u s t  t h e  s l i t  w i th o u t  l e t t i n g  a i r  I n t o  t h e  
tu b e »  t h e r e  w as a lw a y s  a  c e r t a i n  am ount o f  a i r  on  t h e  m e ta l^  
11c  s u r f a c e s  o f  t h e  s l i t  m echanism * T h e se  s u r f a c e s  w e re  
e x p o se d  t o  th e  Io n  s t r e a m  fro m  t h e  tu b e  a n d  som e a i r  w as l e t  
b ac k  t o  t h e  tu b e *  T h is  l a t t e r  s o u rc e  w as n o t  o f  a  s e r i o u s  
n a t u r e  » how ever» w h i le  t h e  o t h e r s  r e q u i r e d  some m o d i f i c a t i o n  
o f  th e  a p p a r a tu s  a n d  p ro c e d u re s *
T he e x p o s u re  t im e  w as v a r i e d  so  a s  t o  g iv e  s e v e r a l  
e x p o s u re s  o f  d i f f e r e n t  I n t e n s i t i e s  f o r  e a c h  s e t  o f  c o n d l«  
t l o n s *  I n  a d d i t i o n  t o  t h i s  t h e  m ethod  o f  e x c i t a t i o n  w as 
v a r ie d *  The s o u rc e  o f  e l e c t r i c a l  e n e rg y  w as a  h ig h  v o l t a g e  
t r a n s f o rm e r»  t h e  o u tp u t  v o l t a g e  o f  w h ic h  w as v a r i e d  fro m  a  
maximum o f  a b o u t  18»000  v o l t s  RMS t o  6 »000  v o l t s  EMS b y  u s e  
o f  r h é o s t a t s  I n  s e r i e s  w i th  t h e  p r im a ry *  A s p a r k  g ap  wqs 
c o n n e c te d  I n  s e r i e s  w i th  t h e  s e c o n d a ry  f o r  m o st o f  t h e  e x ­
p o s u r e s  an d  I n  a d d i t i o n  a  X eyden j a r  w as u s e d  w i th  t h e  s p a r k  
gap t o  g e t  c o n d e n sed  d i s c h a r g e s *  O f t h e  f i v e  e x p o s u r e s  
c h o se n  f o r  f i n a l  a n a ly s i s »  tw o  a r e  o f  t h e  c o n d e n se d  ty p e  a n d  
t h r e e  a r e  t h e  s p a r k  gap  a lo n e *  I n  a l l  o n e  h u n d re d  a n d  s e v e n  
e x p o s u re s  w ere  made o u t  o f  w h ic h  some f o r t y  u s a b le  s p e c t r o -
«»xo^
gram s w ere  a s s e m b le d .  The f i v e  c h o s e n  f o r  m e a su re m e n t 
r e p r e s e n t  t h e  b e s t  o f  t h e s e  f o r t y  e x p o s u r e s .  The c h o ic e  
w as made i n  a c c o rd a n c e  w i th  t h e  f o l l o w i n g  d e s i r e s :
( 1 } l a c k  o f  c o n ta m in a t io n
( 2 ) r e s o l u t i o n
( 3 ) e x t e n t  o f  t h e  s p e c t r a  ( i n t e n s i t y  o f  t h e  s h o r t e r  
wave l e n g t h  l i n e s )
( 4 ) t h e  c o n d i t i o n  o f  t h e  f i l m  (som e o f  t h e  d e v e lo p in g  
a n d  h a n d l in g  m a rre d  o r  i n  o t h e r  w ays d e t r a c t e d  fro m  t h e  use«* 
f u l n e s s  o f  a  good num ber o f  t h e  e x p o s u r e s ) .
V# M ea su rem en ts
The s e l e c t e d  esqposu res w e re  m e a su re d  o n  a  G a e tn e r  
c o m p a ra to r  w h ich  h a s  a n  a c c u r a c y  o f  o n e  m ic ro n .  E ach  ex ^  
p o s u r e  w as m e a su re d  tw ic e ;  o n c e  b e g in n in g  a t  t h e  s h o r t  wave#, 
l e n g t h  end  and  o n c e  b e g in n in g  a t  t h e  l o n g  w a v e le n g th  e n d .
A l l  o f  th e  e x p o s u r e s  h ad  o n e  s i g n i f i c a n t  a n d  h i g h l y  u s e f u l  
f e a t u r e ,  n a m e ly , a  v e r y  s t r o n g  H eliu m  l i n e  a t  5 8 4 .3 ) i  w h ich  
a p p e a re d  a l s o  i n  t h e  se c o n d  a n d  t h i r d  o r d e r .  S in c e  t h e r e  
w ere  no s i g n i f i c a n t  l i n e s  b e lo w  t h i s  w a v e le n g th  an d  s i n c e  t h e  
s e c o n d  o r d e r  o f  l i n e s  i n  t h e  r e g io n  o f  900Â m akes i d e n t i f i c a . *  
t i o n  d i f f i c u l t  ab o v e  ISOOA t h e  r e g i o n  o f  m e a su re m e n t w as 
r e s t r i c t e d  t o  t h a t  r e g io n  b e tw e e n  584#33A an d  1 7 5 2 .99A ( t h i r d  
o r d e r  584*33) » U s in g  t h e s e  tw o  p o i n t s  a s  b o u n d a r i e s , t h e  
l i n e a r  d i s p la c e m e n ts  fo u n d  by  a v e r a g in g  t h e  c o m p a ra to r  r e a d *  
in g s  f o r  e a c h  l i n e  on  a n  e x p o s u re  w ere  i n t e r p o l a t e d  l i n e a r l y
*•11-
I n t o  v a y e x e n g tn a .  As much m ore a c c u r a t e  r e s u l t s  a r i s e  i f  t h e  
i n t e r p o l a t i o n  i s  done o v e r  s h o r t e r  i n t e r v a l s ,  o t h e r  l i n e s  
w ere  u s e d  a s  s t a n d a r d s  a l s o *  I n  t h e  e x p o s u r e s  r e s u l t i n g  fro m  
c o n d e n se d  d i s c h a r g e s  t h e  a to m ic  s p e c t r a  o f  C a rb o n , N i t r o g e n  
an d  Oxygen w ere  present a s  w e l l  a s  t h e  a to m ic  s p e c tru m  o f  
H ydrogen*^ A l l  o f  t h e s e  w ere  u s e d  a s  s t a n d a r d s  an d  t h e  i n ­
t e r v a l s  o f  i n t e r p o l a t i o n  w e re  r e d u c e d  t o  a  fe w  h u n d re d  
a n g s tro m  u n i t s  on  t h e  l a s t  e x p o s u re s  m easu red *  I n  t h e  c a s e  
o f  t h e  u n c o n d e n se d  d i s c h a r g e ,  t h e s e  a to m ic  l i n e s  w e re  m i s s in g  
e x c e p t  f o r  t h e  Lyman S e r i e s  o f  H y d ro g e n , h o w e v e r , c e r t a i n  o f  
t h e  M o le c u la r  l i n e s  o f  H ydrogen  w ere  i d e n t i f i e d  an d  u s e d  a s  
s t a n d a r d s *  The r e s u l t s  o f  t h i s  l i n e a r  i n t e r p o l a t i o n  w e re  
th e n  p l o t t e d  on  an  e r r o r  c u rv e  an d  c o r r e c t e d  v a l u e s  o f  t h e  
w a v e le n g th s  fo u n d  f o r  e a c h  e x p o su re *  T h e se  r e s u l t s  w e re  
th e n  r e c o r d e d  i n  th e  t a b u l a r  fo rm  w h ic h  fo l lo w s *
5 j*  0* B oyce an d  H* A# R o b in s o n , ^W av e len g th  I d e n t i ­
f i c a t i o n  L i s t s  f o r  t h e  E x trem e U l t r a v io l e t ,* *  r e p r i n t e d  fro m  
t h e  J o u r n a l  o f  t h e  O p t i c a l  S o c i e ty  o f  A m e r ic a . IX V I, No. 4  
( A p r i l ,  i ^ 367T
^
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P ig *  2  A p p a ra tu s  f o r  p h o to g r a p h in g  
t h e  v i s i b l e  s p e c tru m
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P h o to g ra p h  1
C e n te re d  I n  t h i s  
p i c t u r e  i s  t h e  d i s c h a r g e  
t u b e .  I t  i s  f i x e d  i n  p l a c e  
on  th e  s p e c t r o g r a p h  i n  t h e  
p o s i t i o n  f o r  t a k i n g  a n  e x ­
p o s u r e .  The s l i t  m echan ism  
o f  t h e  s p e c t r o g r a p h  i s  i n ­
s i d e  t h e  b e l l  on  t h e  r i g h t  
h an d  end o f  t h e  t u b e .  Com­
in g  fro m  t h e  b a l l  on  t h e  
l e f t  end  o f  t h e  tu b e  i s  t h e  
o u t l e t  th r o u g h  w h ic h  t h e  
tu b e  i s  e v a c u a te d .
P h o to g ra p h  2
I n  t h e  c e n t e r  f o r e ­
g ro u n d  o f  t h e  p i c t u r e  i s  t h e  
d o u b l e - s t a g e  m e rc u ry  d i f f u ­
s i o n  pump u s e d  t o  e v a c u a te  
t h e  s p e c t r o g r a p h .  I t  i s  
c o n n e c te d  th r o u g h  th e  l a r g e  
s to p c o c k  t o  t h e  s p e c t r o g r a p h .  
I n  t h e  e x tre m e  r i g h t  o f  t h e  
p i c t u r e  i s  t h e  McLeod g au g e  
u se d  t o  m e a su re  t h e  p r e s s u r e  
i n  t h e  s p e c t r o g r a p h .  I t  i s  
c o n n e c te d  t o  th e  s y s te m  b e ­
tw e e n  t h e  pump a n d  i t s  
m e rc u ry  t r a p .
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P h o to g ra p h  3
T h is  p i c t u r e  ehowe th e  H elium  p u r i f i c a t i o n  a p p a r a t u s  
i n  t h e  f o r e g r o u n d .  The m e te r  s t i c k  h a s  a  U tu b e  a t t a c h e d  t o  
i t  an d  th e  p r e s s u r e  o f  He i n  t h e  sy s te m  can  b e  r e a d  d i r e c t l y  
on t h i s .  The t r a p  c o n t a i n i n g  t h e  a c t i v a t e d  c h a r c o a l  i s  t o  
t h e  l e f t  o f  t h i s  gauge* To t h e  r i g h t  o f  t h e  g au g e  i s  t h e  He 
b o t t l e  w i th  i t s  p r e s s u r e  r e d u c t io n  v a l v e .  The f i n e  c a p i l l a r y  
s e e n  h e r e  i s  th e  f l e x i b l e  c o u p l in g  c o n n e c t in g  t h e  r e d u c t i o n  
v a lv e  t o  th e  vacuum  sy stem *  I n  t h e  e x tre m e  u p p e r  l e f t  c a n  
be s e e n  th e  c a p i l l a r y  w h ich  c o n n e c te d  t h e  He p u r i f i c a t i o n  
sy s te m  t o  t h e  d i s c h a r g e  t u b e .
-16-
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P h o to g rap h  4  
S p ec tro g ram
T h is  p h o to g ra p h  shows f i v e  s u c c e s s iv e  ex p o su re s*  The 
f i r s t  o f  t h e s e  i s  th e  b o tto m  one* C o n d i t io n s  f o r  e x p o s u re s
1 th ro u g h  5 a r e  a s fo l lo w s ;
ty p e  o f le n g th He p r e s s u r e H ydrogen
d is c h a r g e ( t ) i n  mm Hg c o n te n t
1 condensed 15 m in *2 t r a c e
2 condensed 25 min 2 10**6mm Hg
3 ^nncondensed 1 h r • 5 10-6mm Hg
4 condensed 30 m in 3 t r a c e
5 condensed 59 m in 6 Hg
U p p )
(a p p )
The l i n e  m arked w ith  an  a rro w  i s  th e  f i r s t  Lyman 
l i n e  o f  H (1215 «67A)* The l i n e  w ith  th e  d o t  o v e r  i t  i s  th e  
second  o r d e r  o f  He l i n e  a t  5^4#33A o r  116â«66A .
E xposu re  5 i s  n e a r ly  t y p i c a l  f o r  p u re  H ydrogen b a r r in g  
o f  c o u rse  th e  H elium  l i n e s  and  th e  l i n e s  due to  N itro g e n  
(m o le c u la r  and a to m i c ) , a l s o  c e r t a i n  a to m ic  l i n e s  o f  C arbon  
and Oxygen* N ote t h e  d i f f e r e n c e  i n  i n t e n s i t y  b e tw een  t h i s  
eaqposure and e x p o su re  2, p a r t i c u l a r l y  i n  th e  b r a c k e te d  r e g io n  
i n  th e  r e g io n  o f  900A#
PART I I I
TABLE, EXPLAHATIOH OF SYMBOLS AND 
FIGURES USED IN  COMPILING SAME
Xn r e c o r d in g  t h e  r e s u l t s  o f  t h e  e x p e r im e n ta l  w ork 
d e s c r ib e d  b e f o r e  an d  t h e  m e a su re m e n ts  c a r r i e d  o u t ,  a n  a t t e m p t  
w as made t o  s i m p l i f y  t h e  t y p i n g  o f  T a b le  I#  C o n s e q u e n t ly ,  
some o f  t h e  n o t a t i o n  u s e d  may n o t  co n fo rm  to  t h a t  m o st com«  ̂
m only  u se d  f o r  s u c h  t a b l e s  an d  a n  e x p l a n a t i o n  i s  v i t a l  t o  a n y  
s o r t  o f  u n d e r s ta n d in g *
F i r s t , t h e  t a b l e  h a s  f o u r  colum ns# The e x tre m e  l e f t  
h and  one  o f  t h e s e  i s  h e a d e d  I ^  and  i s  t h e  e s t im a t e d  r e l a t i v e  
i n t e n s i t y  i n  t h e  c o n d e n se d  d is c h a r g e *  The sec o n d  c o lu m n , 
h e a d e d  I ^ ,  i s  t h e  e s t im a te d  r e l a t i v e  i n t e n s i t y  i n  th e  u n co n ^  
d e n s e d  d is c h a r g e *  The t h i r d  colum n i s  h e a d e d  w i th  th e  G reek  
c h a r a c t e r  ^  an d  r e p r e s e n t s  t h e  w a v e le n g th  i n  a n g s tro m  u n i t s *  
The v a r i o u s  num bers a p p e a r in g  i n  t h i s  co lum n r e p r e s e n t  an  
a v e ra g e  o f  a l l  o f  t h e  w a v e le n g th s  f o r  t h a t  p a r t i c u l a r  l i n e *
I t  i s  t o  be n o te d  t h a t  t h e s e  a v e r a g e s  a r e  i n  g e n e r a l  n o t  t h e  
a v e r a g e  o f  f i v e  r e a d in g s *  The r e a d e r  may d e te r m in e  j u s t  how 
many r e a d i n g s  w ere  in v o lv e d  by  n o t i n g  tw o t h i n g s  ( a )  t h e  i n ­
t e n s i t y  r e a d in g s  i n  t h e  f i r s t  tw o co lu m n s— i f  t h e  I ^  co lum n 
i s  b la n k  f o r  a  p a r t i c u l a r  l i n e ,  t h a t  l i n e  d id  n o t  a p p e a r  w hen 
a  c o n d e n se d  d i s c h a r g e  w as u s e d — i f  t h e  I ^  co lum n i s  e m p ty ,
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j0om uxu  awu a p p e a r  i n  a n  u n c o n d e n se d  d i s c h a r g e »  an d
(b )  co lum n fo u r»  i n  t h i s  co lum n a r e  fo u n d  t h e  f o l l o w i n g  
sy m b o ls  w h ich  i n d i c a t e  w here  a  p a r t i c u l a r  l i n e  a p p e a r e d ,  
e  i n d i c a t e s  t h a t  t h e  l i n e  a p p e a re d  on t h e  tw o u n c o n d e n se d  
e x p o s u re s  o f  h i g h e s t  i n t e n s i t y  o n ly ,  a  ^  i n d i c a t e s  t h a t  t h e  
p a r t i c u l a r  l i n e  a p p e a re d  o n ly  on t h e  t h i r d  u n c o n d e n se d  ex«  
p o s u r e ,  w h ic h , w h ile  o f  lo w e r  i n t e n s i t y ,  h a d  much b e t t e r  
r e s o l u t i o n .
I n  co lu m n s o n e  a n d  tw o , t h e  l e t t e r  B i n d i c a t e s  t h a t  
a  p a r t i c u l a r  l i n e  a p p e a re d  b ro a d e n e d  an d  a  l e t t e r  M  i n d i c a t e s  
th e  p o s s i b i l i t y  o f  a  m ix tu r e ,  u s u a l l y  a  s t r o n g  a to m ic  l i n e  
o f  one o f  t h e  i m p u r i t i e s .  W henever t h e r e  w as d e f i n i t e  r e a s o n  
t o  q u e s t io n  a  p a r t i c u l a r  l i n e ,  a n  I n t e r r o g a t i o n  m ark ( ? )  w as 
p u t  i n  colum n f o u r .  A ls o ,  l i n e s  w h ich  seem ed to  h a v e  in-* 
t e n s i t i e s  w h ich  d id  n o t  f i t  i n  w i th  t h e  p a t t e r n  o f  t h i s  s tu d y  
o r  w i th  a  t a b l e  w h ich  w as u se d  t o  i d e n t i f y  o u r  s t a n d a r d s ^  
w ere  i d e n t i f i e d  f o r  f u t u r e  r e f e r e n c e  w i t h  a  c o lo n  ( : ) i n  
colum n f o u r .
^Hugh H, Hyman, "The R e so n a n c e  (B«-A) B and S y s te m  o f  
t h e  H ydrogen M o le c u le "  ( u n p u b l i s h e d  T h e s i s ,  D o c to r  o f  P h i lo s o  
phy  i n  P h y s ic s ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  n . d .  )
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TABLE I




- 0 599*03 *
0 6 0 7 .4 7
1 644*23
0 644.^6







0 8 5 3 .0 1
0 8 5 3 .8 1 *
0 855.57
1 856.22 $
0 8 5 7 .1 9 *
0 865.02 *
1 865.92
0 8 6 7 .4 0 *
0 868. *
1 669.43 *




0 0 8 7 9 .0 21 881.06
0 886.84
0 900.77 *X 9 0 0 .9 3
2 9 0 1 .8 5
0 903.70 m
0 9 0 4 .3 5 *
0 904.81 *
0 905.48 *
0 9 0 5 .8 2 *
1 909.70 *
0 9 1 0 .5 0 *
0 910.76
1 9 1 1 .4 0
0 911.61 *
0 9 1 1 .8 7 *
TABLE I  ( c o n t in u e d )
i u X
1 9 1 4 .3 5 *
0 9 1 5 .4 2 *
0 9 1 6 .0 5 *
I 9 1 6 .9 4 *
0 9 1 6 .3 9 *
2 9 1 6 .7 2
0 9 1 9 .0 9
1 9 1 9 .2 3
1 9 1 9 .4 4
0 9 2 0 .0 4
3 9 2 0 .3 4
0 9 2 1 .1 9 *
1 9 2 2 .5 2 *
2 9 2 3 .1 5 *
0 4 924.01
0 9 2 4 .7 3 *
0 1 925.21
1 926.12 *
0 9 2 6 .2 9
0 9 2 6 .7 2 *
0 2 928.82
0 9 2 9 .6 5 *
1 9 3 1 .6 4 *
0 9 3 2 .6 7 *
0 9 3 3 .5 9 *
1 9 3 4 .7 3
0 9 3 4 .9 1
0 9 3 6 .0 8 *
1 9 3 6 .8 8
0 2 9 4 0 .2 0
0 9 4 0 .8 7 *
1 9 4 1 .5 6
0 9 4 2 .0 9
0 9 4 3 .1 0 *
0 9 4 4 .2 7
2 9 4 5 .1 4
0 9 4 5 .9 1 *
1 9 4 6 .3 7
0 9 4 7 .0 0 *
1 9 4 7 .4 4 %
0 9 4 7 .7 6 *
0 9 4 6 .0 5 *'? 9 4 6 .4 3 *9 4 6 .5 9
1 9 4 9 .0 6 *
1 9 5 0 .4 0 *
1 9 5 0 .7 6
TABLE X (eon tinued )
i c t u CL
1 9 5 0 .9 0 *
0 9 5 1 .5 7
0 4 9 5 1 .6 5
0 1 9 5 2 .3 2
0 9 5 2 .ÔO *
1 1 9 5 3 .6 1
1 9 5 4 .4 2 *
2 9 5 4 .7 4
0 9 5 6 .6 2 *
1 9 5 6 .8 6 *
0 2 9 5 7 .7 9
0 2 9 5 6 .4 0
0 1 9 5 6 .7 0
0 9 5 9 .8 6 *
0 9 5 9 .5 9 *
0 9 5 9 .9 5
2 9 6 0 .3 7 *
1 9 6 1 .5 0 *
0 9 6 2 .0 9 *











0 9 6 6 .9 3 *
0 2 967.23






2 9 6 9 .1 8 *
0 969.82 *
0 970.15 *
0 5 9 7 0 .5 4
0 9 7 0 .9 8
0 971.08
0 9 7 1 .3 8 *
1 0 9 7 1 .7 3
1 971.94 »
^22«*
TABLE I  (c o n t in u e d )
I c ÏU A
1 9 7 2 .2 9 3ft
2 9 7 3 .3 6 *
0 1 9 7 4 i2 4
0 0 9 7 4 .4 8
1 9 7 5 .3 3 *
0 3 9 7 6 .1 8
0 2 9 7 6 .5 0
0 9 7 6 .7 8
0 2 9 7 7 .2 8
0 1 9 7 7 .6 3
0 1 9 7 7 .8 9
2 9 7 8 .1 8
1 9 7 8 .5 0
1 9 7 9 .2 0
0 9 7 9 .7 6 *
0 9 8 0 .8 6 *
0 3 9 8 1 .2 4
0 9 8 1 .6 6 *
3 9 8 2 .0 5
1 9 8 2 .5 5
1 9 8 2 .7 9
0 9 8 3 .2 8 *
0 9 8 3 .6 3
0 9 8 3 .7 5
0 9 8 4 .6 0 *
OB 984*84
1 9 8 5 .6 2
0 9 8 5 .7 5
1 986*22
1 9 8 6 .7 8
X 9 8 7 .4 2
2 9 8 7 .7 5
1 9 8 7 .9 3
1 9 8 8 .3 3 *
X 9 8 8 .7 3
2 9 8 9 .0 7
2 9 8 9 .5 6 *
0 9 8 9 .6 5
2 9 8 9 .7 2
0 9 8 9 .8 2
1 X 9 9 0 .1 8
0 9 9 0 .5 0 *
4 9 9 1 .3 8
X 9 9 2 .0 2
X 9 9 2 .8 1
X 9 9 3 .3 0
X 993^52
«•23 •
TABLE I  (c o n t in u e d )
— Î -  ■
î u
1 3 9 9 4 .2 4
0 0 9 9 4 .5 2
0 3 9 9 4 .8 7
0 1 9 9 5 .2 6
1 9 9 5 .9 9 *
0 1 996.08
1 2 9 9 7 .6 3
1 3 9 9 7 .8 1
0 9 9 8 .3 7 *
0 9 9 8 .8 5 *
1 1 0 0 0 ,0 7 *
2 1000.72
1 1000.90










0 2 1 0 0 6 .1 7
0
2
1 0 0 6 :3 7  
1 0 0 6 ;4 5
0 1006.56
0 1007.04 *
0 1 0 0 7 .3 2 *
0 1007.63 *
0 1007.91 *
1 6 b 1008.41
0 1008.54 e#








1 0 1 0 .8 1
1 0 1 0 .9 7
0 1 0 1 1 .0 6
0 1 0 1 1 .5 5 *
0 3 1 0 1 2 .2 0
0
0 1 0 1 2 .3 4
1 0 1 2 .5 0
0 3 1 0 1 2 .7 0
«•24^
TABLE I  ( c o n t in u e d )
0 3 1 0 1 3 .5 3
1 1 0 1 4 .1 5
3 1 0 1 4 .3 0
1 3 1 0 1 4 .5 3
0 1 1 0 1 4 .9 6
1 1 0 1 5 .3 9 *
0 1 1 0 1 5 .7 9
0 1 1 0 1 6 .0 9
0 2 1 0 1 6 .4 5
1 3 1 0 1 6 .9 7
1 1 0 1 7 .0 5 mm
0 2 1 0 1 7 .3 9
1 2 1 0 1 7 .8 4
1 5 1 0 1 9 .5 0
0 1 0 2 0 .3 7 *
1 2 1 0 2 0 .8 0
0 1 0 2 1 .1 0 *
0 0 1 0 2 2 .6 1
0 2 1 0 2 3 .4 0
0 1 0 2 3 ,8 6
1 1 0 2 4 .3 0 *
1 IB 1 0 2 4 .7 1
1 1 1 0 2 4 .8 7
3 1 0 2 5 .9 3
0 1 0 2 6 .4 8 *
0 1 0 2 6 .7 8
1 2 1 0 2 7 .0 7
3 4 1 0 2 7 .7 6
0 1 0 2 8 .1 1 m
2 (3 1 0 2 8 .2 0
2 '2 1 0 2 8 .2 7
2 2 1 0 2 8 .8 1
1 4 1 0 2 9 .0 2
1 3 1 0 2 9 .3 6
1 1 0 2 9 .4 2
1 4 1 0 3 0 .2 0
0 1 0 3 0 .3 1
1 1 0 3 0 .8 1
0 1 0 3 1 .0 7
0 1 0 3 1 .2 0
1 2 1 0 3 1 .2 6
1 1 0 3 1 .3 9
2 4 1 0 3 1 .9 0
0 1 0 3 2 .2 5
1 1 0 3 2 .4 0 *
0 0 1 0 3 3 .1 0
3 5 1 0 3 3 .7 0
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TABLE I  (c o n t in u e d )
i c
0 1 0 3 3 .9 1
IS (o
2
3 4 .2 5




0 2 3 5 .5 4
0 3 5 .8 7





3 6 .5 7
M 1 36.98
1 3 7 .3 2 «
2 38.22
1 3 8 .7 6 *
1 3 9 .0 8 *
0 3 9 .2 9 *
1 3 39.91
0 1 40.06
0 1 4 0 .3 8
0 41.05 #
0 4 1 .2 1 *
0 5 43.51




4 4 .4 3
1 3 4 5 .0 0
0 3 4 5 .3 9
0 1 4 5 .8 1
0 2 4 6 .1 3
0 4 6 .4 9
3 6 46.66
1 47.06 mm
0 3 4 7 .2 3
0 0 4 7 .6 0




4 8 .7 5
0 3 4 9 .0 4
0 2 4 9 .3 7
0 50.04 *
1 2 5 0 .1 8
2 4 50.70
0 0 5 1 .0 8
0 51.54 *
0 5 2 .0 2
«#26—
TABI£ X (c o n t in u e d )
I c l u A.
2 5 X052.52
2 5 5 2 .6 7
1 5 52 .76
1 2 5 3 .0 9
X 5 3 .3 4
5 6 54 .05
3 54.3X
1 4 55.XÔ
0 5 5 .3 6
0 5 5 .5 6
0 5 5 .62
0 5 6 .3 9
2 5 56 .62
1 2 5 6 .0 0
1 X 5 6 .3 6
3 5 56 .63
0 2 59 .0 6
0 0 59 .52




X 6 2 . OX m
X 6 3 .4 6 *
0 6 3 .7 0 *
0 0 64.3X
0 6 4 .6 2
X 6 4 . 6 X
3 4 6 5 . X2
0 0 6 5 .5 7
0 2 6 5 .7 0
0 2 6 6 .3 7
2 2 6 6 .6 6
X 6 6 .9 5 *
0 0 6 7 .5 2
3 6 7 .6 7 *
X 6 7 .6 7 *
2 6 6 .4 4
(0 6 6 .6 6
1 'x 6 8 .95
1 X 6 9 .6 3
X 69X87
0 2 70 . X41 3 7 0 .6 2
3 7X.040 ( I 7X .44X '2 7X.62
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1 3 7 2 .6 9
0 72 .93
0 1 73 . X6
0 0 7 3 .5 2
2 7 3 .9 0
0 1 7 4 .3 0
0 1 7 4 .6X
1 75 .25 *
2 7 5 .95
0 1 76,63
2 7 7 .0 2
0 1 7 7 .8 4
0 2 7 8 .3 9
0 7 8 .7 9
I 1 7 9 .0 2
X 7 9 .2 9
IB 79 .35
3 79 .49 *
0 7 9 .6 9
0 2 7 9 .8 7
1 8 0 . OX * ?
0 8 0 .3 2 * ?
X 8 0 .6 8 * 7
X 8 1 .2 6
0 X 8 1 .5 1
0 X 8 1 .7 7
1 X 82 .43
0 0 82 .73
0 X 8 2 .9 9
1 2 8 3 .2 4
0 2 8 3 .8 2
0 X 8 4 .1 6
% 4 8 4 .5 5
1 3 84 .93
0 8 5 .3 9 *
4 8 5 .9 6
X 8 6 .1 2 *
0 X 8 6 .8 0
X 8 6 .9 2
0 8 7 .0 6
0 X 8 7 .2 0
0 X 8 7 .6 7
0 X 8 7 .8 6
1 2 8 8 .6 6
3 4 8 9 .9 7
• • 23 -»
TABLE I  (c o n t in u e d )
0 1090 .15
2 3 9 0 .4 4
1 3 9 0 .7 4
1 2 9 1 .0 7
0 9 1 .3 9 *
1 3B 9 1 .7 6
OB 9 1 .9 0
1 9 2 .3 0 m
0 1 9 2 .3 3
M2 3B 9 2 .7 4
1 2 93 .43
1 2 9 3 .9 5
2 4 9 4 .6 1
1 3 9 7 .0 6
0 1 9 7 .2 7
0 1 9 7 .4 8
5 6 97 .93
2 3 9 6 .0 9
2 2 96 .23
1 2 9 9 .0 0
1 2 9 9 .1 1
5 6 99.43
0 0 9 9 .5 9
4 5B 1100.49
1 2 0 1 .3 1 •
1 2 0 1 .5 5
1 3 9 1 .9 4
3 4 0 2 .1 4
0 0 2 .6 4 *
1 0 3 .1 6 *
1 2 0 3 .7 4
4 4 0 4 .3 0
2 3 0 4 .5 6
1 2 0 4 .8 0
1 3 0 5 .7 1
1 0 5 .7 9
0 2 0 6 .0 4
0 1 06 .96
2 7 0 7 .1 11 1 07 .76 *
1 2 0 6 .2 0
1 2 0 6 .6 2
1 0 9 .5 6
1 3 0 9 .6 0
2 “ \3 1 0 .2 4
2 3 1 0 .5 0
-2 9 -
TABLE I  ( c o n t in u e d )
Î C %
1 2 1 1 1 1 .5 4
0 1 2 .0 0
0 1 1 2 .0 9
0 1 1 2 .3 6
1 3 1 2 .6 4
0 1 2 .6 6
1 1 3 .1 3
< i
4 1 3 .6 6
0 1 3 .9 3
2 0 1 4 .1 6
0 0 1 4 .3 3
1 3 1 5 .1 3
0 0 1 5 .2 6
*0
1 6 .1 2
1 1 6 .1 9
4 4 1 6 .4 1
0 1 1 6 .6 7
2 3 1 7 .4 6
1 1 7 .9 5
0 1 1 6 .3 0
0 1 1 6 .6 2
0 1 6 .6 0
0 2 1 6 .9 4
3 (4 ) 1 9 .0 9  :
0 ( 0 ) 1 9 .3 4  *
2 4 1 9 .6 1  1
1 1 9 .9 9
0 2 0 .5 0
1 1 2 0 .9 0
4 6 2 1 .2 0  :
Ml 3 2 2 .3 2
1 2 2 3 .6 3
1 IB 2 3 .6 2
1 1 23.96







0 1 2 7 ,7 1
0 1 2 6 .0 1
1 4 26.27
1 2 29.12
1 3 2 9 .6 1
1 1 29.79
-•3 0 »
TABLE I  ( e o n t in u e d )
I c l u A.
1 0 1130.36 *
0 1 3 1 .3 6
0 3 1 .4 6 »
0 3 1 .7 7
1 2 3 2 .0 1
0 3 2 .2 9
1 3 2 .3 2 e
1
0
4 3 2 ,7 7
33.63
0 3 3 .8 1
0 34 .93
1 3 5 .0 4
0 3 5 .1 6
2 5 3 5 .4 0
1 3 3 7 .4 5
(2
‘M2 ( l
3 9 .7 4 s
3 9 .6 4
2 1 4 1 .6 2
0 42 .13
0 4 2 .9 1 *
0 4 3 .0 2 *
0 4 3 .2 0
3 5 4 4 .2 6
2 3 44 .53
0 4 4 .6 9
0 1 45 .03
1 2 45 .25
4 5 4 5 .9 1
1 2 4 6 .1 6
1 3 4 6 .9 6
0 4 7 .6 4 *
0 4 7 .9 4 e
3 4 4 6 .5 2
0 5 0 .6 0
K2 6 50 .8 6 :
0 0 51 .69
1 3 5 2 .1 0
2 1 53 .12 %
1 2 53 .67
0 2
1
5 4 .7 7
5 5 .6 6
MO 0 5 6 .4 9
0 56 .59
1 2 5 6 .9 2
1 2 5 7 .2 6
0 5 7 .7 9
2 1 5 6 .0 3
- 3 1 -
TABLE I  (c o n t in u e d )
0 1 1 1 ) 8 .6 1
0 5 8 .9 2
0 5 9 .2 0
1 5 9 .4 8
4 6 5 9 .7 0
1
*4
5 9 .9 0
2 5 9 .9 6
I 2 60.64
5 6 6 1 .3 0
0 1
0
6 1 .5 3
6 1 .8 0
1 6 1 .9 2
3 4 62.30 i
0
0 1
2 IB 63.32 t
244 5 6 3 .8 1
1 1 6 4 .7 3
0 6 4 .9 3
0 65.30
2 2 6 5 .5 3 :
1 6 5 .8 7
3 3 6 6 .0 7
0 6 6 .5 0
1 2 66.75 1
0 6 7 .0 4
0 0 6 7 .1 6
0 6 7 .3 9
1 2 70.55 t
0 1 7 0 .8 4
0 7 1 .0 2








0 0 7 3 .4 8
0 7 3 .9 9






7 4 .8 8
75.03
75.26
7 5 .4 6
2
4 5 7 5 .8 2
TABLE I  ( c o n t in u e d )
Xc ï u
0 2 1X76.57 :
2 3 7 6 .7 9 3
1 7 7 .2 0
0 7 7 .6 6
5 6 7 6 .2 4 $
4 0 7 6 .7 7 3
0 1 79 .06
0 0 7 9 .2 2
0 7 9 .65
0 1 79.93
0 6 0 .06
5 6 6 0 .4 6
0 1 60 . 6X
0 1 6 0 .7 2
2 3 61 .26
2 3 6 1 .9 1
1 6 2 .4 2
1 2 6 2 .5 9
0 6 2 .6 2
1 2 6 3 .0 6
1 2 6 3 .1 2
0 63.96
1 X 6 4 .1 6
2 2 8 4 .3 6
0 2 64 .95
1 1 6 5 .2 4
0 0 8 5 .5 1
0 0 6 5 .7 4
0 86 .13 *
0 2 8 6 .4 7
0 1 6 6 .5 6
0 6 6 .9 5
2 6 7 .03 *
1 1 6 7 .1 0
2 3 8 7 .7 5 3
2 3 8 7 .6 7
0 6 6 .0 6
3 5 6 6 .3 0
0 1 6 6 .4 9
0 1 8 6 .7 6
0 2 6 6 .9 4
0 8 9 .0 4
0 8 9 .2 5
M4
5 6 9 .3 7 1
4 6 9 .6 7
1 9 0 .0 2
1 3 9 0 .2 6
TABLE I  (c o n t in u e d )
lu JJk.
0 1 1 1 9 0 ,9 6
1 2 9 1 .4 6
1 2 9 1 ,6 1
1 2 9 1 .6 2
0 1 9 2 .11
1 1 9 2 .2 6
0 1 9 2 .5 7
0 1 9 2 .7 4
3 4 93 .23
2 1 9 3 .65
1 1
4
9 4 .2 2
9 4 .5 7
1 0 9 4 .9 4
9 5 .6 61 2
0 9 5 .9 4
0 9 6 .1 2
0 9 3 .3 2
0 1 9 7 .3 8
( Î
2 9 7 .60
1 9 7 .7 6
1 IB 9 7 .9 5
0 9 8 .1 9
0 9 8 .3 4
1 2 98*49
0 1 9 8 .7 4
0 1 9 8 .88
1 2 9 9 .3 1
M5 2 9 9 .5 4
0 1200 .01 t
1 2 00*05 ?
K4 2 0 0 .2 2 t
m 0 0 0 .6 9 ?
2 3 01*75
0 1 0 1 .9 0
1 2 0 2 .3 9
1 2
0
0 2 .5 8
0 3 .4 9
s
«S
0 3 .8 0
3 .8 7
3 4 4 .9 0
2 3 5 .1 5 (
1 3 5 .2 9 1
1 2 5 .5 0
0 2 5 .83 1
3 4 6.m5
4 6 .1 7
3 6 6 .6 3
i 2 7 .5 3
-*34 -*
TABLE X (c o n t in u e d )
>-
2 3 1 2 0 8 .9 2 t
1 9 .0 3
I 9 .2 3 s
3 9 .3 5 m
I IB 9 .5 1 t
0 9 .7 3 s
0 IB 9 .9 4 t
1 IB 1 0 .3 3 s
2B 1 0 .5 9 •  ?
0 1 0 .6 9 t
0 1 7 .7 9 I
X OB 1 1 .1 0 I
2 4 1 1 .3 7 I
OB 1 1 .6 9
OB 1 1 .9 4 -  >
0 1 3 .0 0
0 1 4 .4 4
0 1 4 .7 8
1 2B 1 7 .2 7
0 2 1 7 .4 6
1 2 1 7 .6 5
5 5 1 8 .9 1 t
0 1 9 .0 5
1 1 9 .2 3
2 1 9 .3 5
3 3 1 9 .7 7 :
4 4 2 1 .0 7
1 2 2 1 .3 9
1 1 2 1 .5 1
0 1 2 1 .8 9 t
0 2 1 .9 6
1 2 2 .3 0 -  ?
0 2 2 .4 1 ?
0 2 2 .7 5
0 1 2 2 .9 5
3 5 2 3 .4 7
1 0 2 4 .8 1
3 3 2 5 .5 2
0 1 2 6 .0 1
0 2 6 .2 9
5 4 2 8 .2 1 t
1 2 8 .3 3
2 2 8 .5 9 t
1 2 2 8 .9 0
0 2 9 .2 3
1 2 9 .4 0
29.76
•3 5 *
TABLE I  (c o n t in u e d )
6 7 1229 .98
0 3 0 .3 0
0 3 0 .5 4
3 3 3 0 .7 5
0 0 3 1 .3 7
0 0 3 1 .6 5
4 4 3 1 .9 2
0 32 .1 3
0 2 3 2 .4 5
1 3 2 .7 5
0 0 3 3 .0 4
0 0 3 3 .4 7
3 3 34 .0 9
0 3 4 .7 8
1 2 3 5 .0 8
1 35 .33
1 1 3 5 .5 8
0 3 5 .6 6
0 2 3 6 .3 5
0 2 3 6 .8 1
0 37 .25
0 3 7 .5 2
0 3 7 .65
0 3 7 .8 6
4 4 3 7 .9 2
2 2 3 8 .1 2
2 2 3 8 .3 5
0 38 .83
1 3 3 8 .9 0
0 3 9 .2 0
6 6 3 9 .4 8
1 4 0 .0 1
2 3 4 0 .2 0
3 4 41 .25
0 2 4 1 .6 9
1 0 4 1 .8 1
0 4 2 .6 4
0 4 2 .8 8
2 4 3 .1 6
1 4 3 .2 6
2 4 4 3 .4 0
0 4 3 .9 5
0 4 4 .2 7
0 0 4 4 .4 6
0 4 5 .1 8
0 0 45 .43
0 1 4 5 .7 1
TABLE I  (c o n t in u e d )
4
1 4 4 5 .8 4 t
1 4 5 .9 4
0 4 6 .1 9
0 2 4 6 .2 4




4 7 .3 1
1 X 4 7 .7 9
X X 47.93
0 4 8 .0 2
0 4 8 .0 8
0 4 8 .3 9
3 2 4 8 .8 2
< î
2 4 9 .3 0
4 9 .3 2
3 2 4 9 .7 4
0 5 0 .0 0
1 X 5 0 .2 1
0 X 50 .40
0 50 .53
0 3 5 0 .8 9
a 5 1 .0 0
2 3 51 .25 :
0 5 1 .4 0
0 5 1 .6 0
2 3 5 1 .7 0 %
1 2 5 2 .0 7
X 2 52 .48
X
3 4
5 2 .7 4
5 3 .0 6
0 0 53 .38 :
0 3B 53 .58 :
0 0 5 3 .7 6
2 2 53i93 :
X 0 5 4 .0 7
2 X 5 4 .2 5
0 5 4 .41
«g
i l
5 4 .7 0
54 .80
5 4 .8 6
0 1 55 .25
0 1 5 5 .46
X 2 55 .62
X 2 5 6 .2 5
X 3 56 .38
2 4 56 .73
1 5 6 ,8 8 »
- 3 7 -
TABLE 1 (c o n t in u e d )
1 4B 1 2 5 7 .1 6 s
0 5 7 .3 7
0 57 .55
3 3 5 7 .6 1 :
0 57 .98 mw
a 2 5 8 .2 6
0 0 58 .55
0 X 58 .69 :
0 5 8 .8 4
1 3 5 9 .17
3 4 59 .85
0 1 6 0 .3 4
0 1 6 0 .45
<3
6 0 .8 7
0
6 0 .9 0
6 1 .1 4
3 4 6 1 .6 2
3 4 6 1 .8 2
I 3 6 2 .3 9
1 2 6 2 .  84
1 1 6 3 .5 0
0 0 6 3 .7 5
0 0 6 4 .0 2
2 3 6 4 .2 2
3 3 6 5 .6 6
X 3 6 5 .9 9
2 6 6 .1 0 *
X 1 6 6 .3 9
X 1 6 6 .8 4
1 3 6 7 .1 2
<8“
2B 6 7 .7 2
6 7 .7 8
2 2 6 8 .0 2
1 2 6 8 .5 1
0 2 6 8 .8 0
2 2 6 8 .9 2
2 4 6 9 .58
0 0 6 9 .7 6
0 0 7 0 .2 2
0 0 7 0 .3 2 7
2 3 7 0 .5 5 s
1 2 7 1 .17 8
2 2 7 1 .3 6
0 7 1 .5 0
2 2 7 1 .8 9
0 7 2 .4 6
«•3Ô“
TABLE I  (c o n t in u e d )
ÏC A.
1 2 1 272 .78
1 2 7 3 ,0 7
1 2 7 3 .4 6
1 1 7 3 .6 9
4 73 .99
1 1 74 .55
2 7 4 .9 2
2 4 75 .65
1 0 7 5 .9 5
1 2B 7 6 .2 6
1 76.33
0 7 6 .53
4 4 76 .61 1
4 3 7 6 .0 0
0 2 7 6 .9 6
6 1 7 7 .3 7 !
2 7 7 .57 *
1 77 .61
1 1 7 6 .0 1
0 0 7 8 ,3 2
0 1 7 6 .5 7
3 2 7 6 .72
1 7 6 .9 7
2 79 .07
1 7 9 .2 6
1 2 79145
1 2 7 9 .5 6
2 7 9 .9 7
1 6 0 .3 4
1 6 0 ,5 6
3 2 6 0 .6 2
2 2 6 1 .0 3
0 2 6 1 .4 6
0 6 1 ,9 4
0 6 2 .1 1
0 6 2 .3 0
X 3 6 2 .7 5
4 5 63 .06 :
0 6 3 .3 0
0 1 8 3 .4 7
1 2 6 4 .1 9
1 . 1 6 4 .3 1
1 6 4 .4 9 *
0 6 5 .4 4 *0 0 6 5 .7 41 3 6 6 .4 3
1 0 8 6 .3 6
-3 9 -
TABLE I  ( e o n t in u e d )
...... A.
0 2 1286 .76
1 8 7 .4 0 *
1 2 8 7 .7 7
0 0 8 8 .2 8
0 8 8 .4 1
0 ' 1 8 9 .0 5
1 2 8 9 .3 0
2 4 9 0 .1 9
0 2 9 0 .3 7
1 2 9 1 .0 5
0 9 1 .4 6 *
0 1 91 .83
1 9 2 .5 0
0 X 9 3 .1 7
2 3 9 3 .3 7
2 93^63 1
1 1 9 4 .4 9
0 1 95 .35
0 2 9 5 .53
0 9 6 ,2 6 *
2 9 6 .8 0
0 0 9 7 .2 4
0 9 7 .7 6 *
0 0 9 8 .2 2
1 9 8 .8 7 *
- 1 9 9 .1 2 *
1 9 9 .3 2 *
1 1 99 .68
0 1 9 9 .8 7
0 1300 .14 *
0 0 0 .4 0 *
0 0 1 .7 4 *
M9 5 0 2 .2 0
4 0 2 .33
0 0 2 .5 9 *
0 0 2 .8 7 *
0 0 3 .3 7 *
0 0 4 .1 5 *M8 5 0 4 .9 1
0 05 .63 *
Md 2 0 6 .0 4 ,
0 0 6 .4 0 *
1 1 0 7 .2 5
1 0 7 .5 9 *
1 0 8 .0 0
0 0 9 .4 1 *
0 0 9 .7 1 *
TABIS I  (e o n t in u e d )
ï c i u
0 1310 .02 *
0 1 0 .4 8 *
0 10 .65
0 2 1 0 .9 0
«3 2 1 1 .38
0 2 1 2 .3 7
0 2 1 2 .83
0 0 14*63
0 1 1 5 .4 5
0 1 6 .0 0
0 0 1 6 .6 9
1 1 19*06
0 0 19*71
0 2 0 .2 4
0 21 .42 *
3 21 ,75
0 22 .94 *
2 3 2 3 .3 0
0 0 23*61
0 2 4 .40 *
X 0 24*65
1 2 25*07
0 0 2 7 .0 2
0 0 2 7 .60
0 2 8 .8 6
1 29*12 11
M6 1 29*58
1 2 31 .13
3 31*77
0 32 .33
0 3 2 .5 8 *






X 1 3 5 .1 6
M9 1 35*72
0 3 35*90
0 3 6 .6 7
0 37*12
2 3 3 7 .5 0
<s
3 7 .8 0
1 37*88
0 1 3 8 .4 0
1 3 3 8 .5 9
0 3 8 .9 9 *
0 3 9 .9 8 *
—41"
TABLE I  (c o n t in u e d )
l e i u
0 X 1 3 4 0 .âd
1 3 4 1 .7 4
3 4 4 2 .2 7
X 4 3 .2 6 *
0 2 4 3 .6 1
0 4 4 .6 6 *
<î tx
4 5 .0 9
4 5 .1 7
2 3 4 5 .4 1
0 0 4 5 .9 7
0 0 4 6 .7 7
X 2 46 .93
i l t î
4 7 .3 1
4 7 .3 6
l 2 4 9 .0 6
1 4 49 .93
0 • 5 0 .3 1
1 4 50 .6 2
0 3 51 .01
0 51 .63
0 5 2 .1 6 *
3 4 52 .51
3 5 5 3 .4 9
0 0 5 4 .1 1
0 1 5 4 .6 2







2 1 5 6 .5 6




1 2 5 6 .02
1 5 6 .4 5 *
0 5 6 .6 4 *
2 5 9 .090 5 9 .2 7
0 2 5 9 .3 9
X 3 5 9 .6 4
0 6 0 .5 4
0 0 6 0 .7 5X 0 6 1 .2 6
0 6 1 .4 6 *
2 6 2 .0 6
3 4 6 3 .2 6
- 42-
TABLE I  (c o n t in u e d )
2 0 X363.44
0 63 #69 *
1 3 64# 00
0 65#25 *
2 3 65#67
1 0 66# 40
0 0 67#32
X 67# 51
1 2 6 0 .0 0
0 6 6 .3 2 *
0 6 6 .5 4 *
0 6 6 .7 0
0 6 6 .97 *
0 0 69#32
0 69#37
0 0 69# 72
0 0 7 0 .0 7
X 2 7 0 .4 2
0 70 .99 *
2 4 7X.22
0 7X.54 *
1 2 7 2 .0 1
X 2 7 2 .7 1
0 0 73#46
0 7 3 .6 7 *
0 7 4 .0 6 ♦
3 X 7 4 .1 6
X 7 4 .5 2
3 74 .74
0 X 7 5 .3 0
0 0 75 .65
0 0 7 6 .0 2
1 4 7 7 .1 6
0 7 7 .2 9
0 7 7 .6 4
0 I 7 6 .0 0
0 0 76 .16
0 0 7 6 .4 2
0 X 7 6 .7 4
0 0 7 6 .96
1 3 6 0 .1 2
0 3 6 0 .6 4
0 6 0 .6 6 *
0 2 6 1 .2 9
0 6 1 .9 1 *
0 2 6 2 .6 4
0 0 8 3 .6 7
••43*^
TABLE I  (e o n t in u e d )
%c iu -X
0 1 X363.99
0 2 3 5 .3X
1 3 5 .6 0
0 2 36*09
0 3 6 .3 7 ♦
0 2 3 7 .4 0
2 3 7 .9 2
0 3 3 .2 0
0 3 3 .8 7
0 3 9 .6 6 *
1 39 .33 *
0 9 0 .4 7 *
0 9 0 .7 6 $
1 9 1 .0 6 *
X 9 2 .4 7
2 92 .72
2 9 3 .0 5
0 9 3 .4 9 *
0 93 .73
1 3 9 3 .9 7
0 9 4 .3 0
0 9 4 .6 7 *
1 0 9 4 .9 6
1 X 9 5 .2 2
X 9 5 .6 9 *
0 9 5 .9 3 *
2 3 96 .23
0 97 .23 *
X X 9 7 .4 4
0 9 7 .6 3 »
X 9 7 .9 3
1 X 9 3 .9 9
0 9 9 .5 4
X 9 9 .9 1
X X400.40
0 0 0 .7 4
X 0 1 .1 0
0 0 1 .9 4
0 X 0 2 .1 6
3 4 0 2 .6 7
0 0 0 3 .3 3
0 0 3 .3 4 *
0 2 0 4 .2 6
0 0 0 4 .7 5
0 0 5 .1 2 *
0 0 5 .3 4
0 0 5 .5 7 *
TâBLB I  ( c o n t in u e d }
%c l u
0 1 400 .16
0 1 0 6 .8 $
1 2 0 7 .2 9
0 0 7 .8 2 *
0 0 8 .3 0 *
1 0 8 . $8
0 08*88
0 0 9 .3 7 *
0 09 .73 *
2 3 1 0 .3 8
0 1 0 .8 0 *
0 0 11 .05
0 0 1 1 .3 7
0 11 .62
0 1 1 .8 2
0 11.95
0 0 1 2 .2 8
0 12 .6 4
2 4 1 2 .8 4
0 1 4 .2 6 *
1 14 .48
0 0 1 4 .7 4
0 1 5 .2 2
«8
1 5 .6 9
0 1 5 .8 0
1 16 .33 *
0 1 7 .0 6
1 23 .06 *
0 24 .78 e
1 1 26 .56
0 27 .05 e
0 2 7 .5 0 e
2 4 27 .7 0
1 28 .8 8 e
2 4 29 .96
0 3 1 .0 2 e
0 2 3 2 .6 4
2 3 3 2 .9 7 %X 3 4 .1 1
2 1 3 4 .1 9
0 3 4 .4 1 *
3 3 5 .0 5
2 3 5 .1 6
2 3 5 .3 52 2 3 6 .1 1 ;2 4 3 6 .2 50 3 6 ,3 91 0 3 6 .5 8
-45 -
TABLE I  (eon tinued)
i c l u
1 1 1436 .76 :
2 3 7 .0 4
< i
3 7 .1 6
3 7 .2 1
1 2 3 7 .5 6
0 3 7 .8 0
2 3 3 8 .0 4
0 1 3 8 .5 1
0 3 8 .7 7
( î
3 9 .0 1
1 3 9 .0 6
0 3 9 .2 9 *
(g 3 9 .4 53 9 .5 1
0 3 9 .8 7
0 40 ,15
0 2 4 0 .3 6
0 4 0 .6 50 0 4 0 ,7 4




4 1 .4 0
4 3 ,4 5
4 5 .2 1
1 2 46 .13
0 4 6 .9 8 *
1 49 .15 *
3 2 50 ,22
0 5 0 .8 0 *
0 51 .05 *
1 5 2 .0 0 *
0 5 2 .3 4 *
0 5 2 .7 6 *
0 53 .42 *
0 53 .91 *
2 54 .41
3 3 54 .98
1 0 56 .08
X 3 5 6 .3 4
0 5 7 .0 91 3 5 7 .4 41 3 5 8 .1 5
M3
0 5 8 .4 1 *
0 5 9 .0 7
0 59 .38 *
0 5 9 .6 1 *
0 3 60 .0 50 2 6 0 .7 7
0 61 ,2 3 '  *
TABLE I  (con tinued )
l e
1 2 1461#96 •
0 6 2 ,2 9 *
1 2 6 2 ,4 7
2 2 6 2 ,6 4
M6 1 6 3 ,3 4 (
X 6 3 .5 6 4M»
2 3 6 3 .ÔX
0 X 64 . X2
0 6 4 .2 3
0 64#3Ô
0 6 4 .5 5
0 6 4 .7 5
0 6 4 .9 6
0 0 6 5 .2X
0 0 6 5 .4 6
0 6 5 .6 6
0 6 5 .93
0 6 6 .2 1
2 4 6 6 .9 7
4 6 7 .3 6 ?
3 4 6 6 .3 9
0 6 9 .0 2 *
0 7 0 .1 0
0 I 7 0 ,5X
0 2 70 .90
0 7X .3I *
2 0 71 .76
0 7 2 ,3 2 *
0 X 72.63
1 X 7 3 .ex
X 7 4 .2 6 *
0 X 74 .67
0 75^41
0 3 7 6 .3X
0 0 77.03
0 7 9 .3 2 *
X 7 9 .6 4 »
0 8 0 .0 7 *
2 80,33
0 80 .63 *
X 8X.02 *
2 8X.57
4 8 1 .7 7
0 8 2 .8 2 *
0 83148 *
X 8 3 .7 4 *
0 8 5 .4 5 «
- 4 7 -




8 6 .5 2
3 8 6 .6 0
0 8 6 .9 9 *
3 0 8 7 .4 1
0 0 87 .63
0 8 7 .9 2 *
<f
8 9 .0 0
4 8 9 .0 6
1 X 8 9 .5 5
1
2
9 1 .5 4
9 1 .6 7
0 9 1 .9 6 *
M5 X 9 2 .6 0
1 0
X
9 2 .8 1
9 3 .7 9
0 9 4 .5 8 *
0 9 4 .9 2 *
3 4 9 5 .2 2
2 3 9 5 .5 5
0 9 6 .0 4
9 9 .5 5
9 9 .6 1
0 1 502 .00 *
0 0 2 .3 7
0 0 3 .8 0 *
0 0 4 .1 6 *
2 3 0 4 .7 6
2 0 5 .7 2 *
1 0 6 .5 1 *
0 0 7 .0 1 *
1 2 0 9 .6 0 ?
2 3 1 1 .23
1 1 1 1 .9 6
1 1 1 2 .2 0
1 1 12 .53
1 1 12 .83 •
1 1 1 3 .1 5
2 4 1 3 .4 8
0 1 3 .7 1
1 1 3 .88
1 1 4 .1 7
X 1 4 .6 2
3 4 1 5 .01
0 0 1 5 .7 0
0 0 1 5 .8 9
X 1 1 6 .2 0
TABLE I  ( c o n t in u e d )





1 17 .98 *
X 2
1
1 8 .6 6
1 8 .9 1
1 3 19 .93
0 20.53 *
0 2 1 .6 0 *
0 2 2 .27 *
3 5 23 .23
0 24 .22 »
0 1 25 .15
0 1 2 5 .7 7
1 2 6 .0 0 *
1 2 6 .2 7 *
1 26.53 *
0 0 2 7 .3 0
0 2 7 .5 9
0 2 7 .9 4 *
0 2 8 .45 *
0 28 .95 *
1 2 9 .2 0 *
0 29 .50 2#l
1 4 3 0 ,7 6
1 3 1 .2 8 *
1 2 3 2 .0 9
0 1 3 2 .4 2
1 3 3 2 .9 2
0 3 4 .7 8
0 1 3 4 .9 4
2 3 3 7 .5 2
1 2 3 9 .3 8
1 4 0 .0 7 *
1 4 0 .6 6 *
0 0 4 1 .5 1
0 2 4 1 .8 0
3 1 4 2 .3 6
0 1 4 4 .0 6
1 4 4 .2 1 *
0 1 4 4 .3 2 t
0 2 4 4 .5 8<s 44 .832 44 .8 9
0 4 6 .0 0 *
0 4 6 .2 7
1 2 46 .73
2 3 4 7 .0 7
*•49**
TABLE I  (c o n t in u e d )
ï c
1 0 1 5 4 7 .3 4
1 2 47 .53
0 46 .1 3
0 X 4 6 .4 1
0 X 5 0 .07
X 4 5 0 ,4 9
0 0 50 .72
0 2 5 1 .6 1
X 5 3 .0 0 *
2 3 53 .45
X 53 .60 *
0 2 5 5 .0 4
0 X 55 .87
0 2 5 6 .5 4
0 0 5 7 .5 4
0 56.13 %
X 5 6 .6 2 *
0 0 59.53
1 2 6 0 .1 9
U6
X 6 0 .4 1
2 6 0 .7 1
X 6 0 .9 5
X 6 1 .1 1
6 3 6 1 .4 2 t
0 6 1 .6 2
0 6 1 .6 4
0 0 6 2 .0 5
0 6 2 .2 9
0 6 2 .5 6
0 0 6 2 .6 4
0 X 6 3 .1 5
0 0 6 3 .4 7
0 0 6 3 .7 6 *
0 X 6 4 .1 1
X 4 6 5 .3 6
0 X 6 5 .6 6
X 6 6 .3 4 *
4 6 6 .6 9
X 3 6 7 .2 6
0 6 7 .4 1
6 7 .5 2 *
0 6 9 .0 4 *
2 3 6 9 .4 2  '
0 1 7 0 .0 1
X 1 7 1 .3 7
2 4 7 1 .9 7
0 7 2 .3 2 *
TABLE I  (c o n t in u e d )
I c i u > -
0 1 5 7 2 .6 6 *
0 2 7 4 .3 4
0 7 4 .6 3 *
1 1 7 5 .7 6
1 7 6 .3 6
2 0 7 6 .7 0
2 3 7 7 .0 3
2 4 7 7 ,3 9
1 7 7 .6 9
0 1 7 6 .5 8
0 1 7 8 .8 7
X 3 7 9 .1 9
1 7 9 .4 2
7 9 .7 0
1 2 8 0 .0 0
3 5 8 0 .7 5
1 2 8 1 .1 2
1 8 1 .4 2
1 2 8 1 ,8 5
1 8 2 .4 4 *
1 4 8 3 .9 5
1 1 8 5 .4 5
1 85.68 *
1 1 87.42
4 8 8 .7 6
1 1 90.13
2 4 9 1 ,2 9
0 9 1 .6 7 *
0 92.28 *
2 3 9 3 .3 9
0 9 4 .4 9 *
0 0 9 5 .6 6
3 4 96.05
1 9 7 .2 0
1 9 8 .0 1
0 9 8 .3 5
1 98.66
1 0 9 8 .9 1
(1 99.15
h 9 9 .1 9
u 1 99.24
0 1 6 0 1 .4 8 *
4 4 0 2 .0 1
0 2 0 2 .3 7
0 2 02.64
(0 2 0 2 .9 2
'0 0 0 2 .9 4
-5 1 -
TABLE I  (con tinued )
1 2 1602 .94
1 2 0 3 .6 7
3 4 0 4 .5 0
2 4 0 5 .1 8
2 0 5 .9 6 *
1 . 3 0 6 .2 4
1 0 7 .4 5
1 6 07 .55
2 6 0 7 .9 4
0 8 .3 2
6 0 8 .3 9
2 5 0 9 .0 2
0 0 0 9 .9 2
0 2 1 0 .3 1
1 1 0 .8 6
6 1 1 .0 7 ?
1 3 11 .65
1 1 2 .7 4
1 1 3 .0 7
4 5 1 3 .1 7
0 1 3 .3 2
4 2 1 3 .6 8
0 2 1 4 .8 6
1 2 1 6 .5 9
0 1 9 .5 2 *
0 1 9 .7 8
1 2 0 .7 7 *
1 2 1 .0 7 *
0 2 1 .96 ♦
1 23 .08
,0 23 .42 *
‘ 1 23.53 *
0 2 5 .69 *
1 3 2 8 .3 6
1 3 0 .4 2 *
0 31 .5 5 *
1 3 3 3 .6 0
0 1 3 4 .0 4
1 3 5 .1 6 *
1 2 3 6 .3 4
0 3 7 .7 5 *
1 3 8 .1 5 *
0 2 3 8 .9 0
0 3 9 .5 2 *
1 2 4 0 .2 90 4 0 .4 1
0 2 4 1 .5 2
- J E ­
TABLE I  ( c o n t in u e d )
ï c “ ï u
0 X 1 6 4 2 .8 3
X 2 4 4 .3 7
0 4 5 .6 1 «
0 4 6 .0 2 *
X 0 4 7 .9 3
3 4 9 .8 9
X 5 3 .0 2
0 5 3 .8 5
0 5 4 .0 0
0 0 5 4 .1 7
0 5 4 .3 7
0 5 4 .5 1
2 56.21
4 5 6 .9 4
M4 1 5 7 .3 7
M4 1 5 7 .8 9
m X 5 6 .1 1




5 1 6 .1 0
5 17.05
0 1 9 .1 4 *
0 1 9 .7 5 *
1 29.33 *
0 29.94 «
0 3 1 .7 8 *
0 3 6 .7 7 *
0 3 7 .5 3 *
0 3 8 .7 6 *
2 43.76
0 4 5 .7 7
0 4 7 .1 8




A t o t a l  o f  1 ,0 3 3  s p e c t r a l  l i n e s  a r e  r e c o r d e d  i n  
T a b le  I  a s  a p p e a r in g  i n  th e  co n d e n sed  d i s c h a r g e s .  I n  t h e  
u n c o n d e n se d  d i s c h a r g e s  a  t o t a l  o f  1 ,3 3 7  s p e c t r a l  l i n e s  a p «  
p e a r e d .  T h ese  t o t a l s  do n o t  i n c lu d e  th o s e  l i n e s ,  w h ic h , i n  
t h e  c o n d e n se d  d i s c h a r g e s ,  may b e  m ix tu r e s  a s  p r e v i o u s l y  n o t e d ,  
an d  i n  t h e  u n co n d e n sed  d i s c h a r g e s  th o s e  l i n e s  a b o u t  w h ich  a  
r e a s o n a b le  q u e s t io n  m ig h t be b ro u g h t  f o r t h  w e re  n o t  i n c l u d e d .  
I t  i s  q u i t e  p o s s i b l e  t h a t  f u r t h e r  i n v e s t i g a t i o n  o f  t h e  w ave« 
l e n g t h s  r e c o r d e d  may b r i n g  o u t  c e r t a i n  o t h e r  e r r o r s  i n  
i d e n t i f i c a t i o n •
I t  may b e  s e e n ,  h o w e v e r, from  t h e  e n la r g e m e n ts  o f  t h e  
s p e c tro g ra m s  t h a t  t h e  d e s i r e d  e f f e c t  i s  p r e s e n t  ( s e e  s e c t i o n  
c o n t a i n in g  f i g u r e s  an d  p h o to g r a p h s ) .  A d e t a i l e d  s tu d y  o f  
t h i s  e f f e c t  r e m a in s  f o r  f u r t h e r  i n v e s t i g a t i o n .  S h o u ld  t h i s  
w ork b e  c a r r i e d  o u t  a t  t h i s  i n s t i t u t i o n ,  t h e  i n v e s t i g a t o r  
ca n  p r o b a b ly  b e n e f i t  f ro m  t h e  s u g g e s t io n s  o f f e r e d  i n  t h e  n e x t  
s e c t i o n .
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FART V
EXPERIMENTAL OBSERVATIONS AND SUGGESTIONS 
FOR FURTHER STUDY
A# t h e  w ork on  t h i s  p ro b le m  p r o g r e e e e d ,  i t  becam e 
a p p a r e n t  t o  t h e  a u t h o r  t h a t  a  a l i g j b t  m o d i f i c a t i o n  o f  t h e  
d i s c h a r g e  tu b e  w ould  a l lo w  a  good d e a l  m ore f l e x i b i l i t y  i n  
c o n d i t io n s *  One o f  t h e  m a jo r  p ro b le m s  e n c o u n te r e d  w as t h a t  
o f  h e a t i n g  i n  t h e  d i s c h a r g e  t u b e  a n d  t h e  r e s u l t i n g  o u t g a s s i n g  
d u r in g  lo n g  e x p o s u re s *  To a c h ie v e  v e r y  d e n s e  e x p o s u re  w i t h  
a n  u n c o n d e n se d  d i s c h a r g e , i t  w as n e c e s s a r y ,  du e  t o  t h e  lo w  
c o n c e n t r a t i o n  o f  H ydrogen  i n  t h e  t u b e ,  t o  c o n t in u e  a  s i n g l e  
e x p o s u re  f o r  a  p e r io d  o f  two h o u rs*  I n  t h i s  t im e  a n  a p p r e ­
c i a b l e  am ount o f  r e s i d u a l  a i r  cooked  o f f  t h e  tu b e  r e g a r d l e s s  
o f  t h e  c a r e  w i th  w h ich  i t  w as o u tg a s s e d  b e f o r e  s t a r t i n g  th e  
e x p o su re *  I n  th e  c a s e  o f  t h e  c o n d e n se d  d i s c h a r g e  i t  w as 
fo u n d  t h a t  a  v e r y  h ig h  p r e s s u r e  i n  t h e  d i s c h a r g e  t u b e  g a v e  
e x c e l l e n t  r e s u l t s  b u t  t h a t  t h e  tu b e  h e a te d  so  b a d ly  t h a t  
e x p o s u re s  had  t o  b e  i n t e r r u p t e d  a t  tw o  m in u te  i n t e r v a l s  t o  
a l lo w  t h e  tu b e  t o  co o l*
I t  i s  t h e  a u th o r*  s  o p in io n  t h a t  b o th  o f  t h e s e  t r o u b l e s  
c o u ld  be  e l i m in a t e d  by  i n c r e a s i n g  t h e  p h y s i c a l  d im e n s io n s  o f  
t h e  tu b e  an d  w a te r  j a c k e t i n g  t h e  m ain  d i s c h a r g e  c a p i l l a r y *
T h is  w ou ld  a l lo w  t h e  u n c o n d e n se d  d i s c h a r g e  t o  r u n  f o r  s e v e r a l
• 5 4 ^
*55*
h o u ra  w i th o u t  u n d u e  h e a t i n g  a n d  i t  m ig h t b e  p o s a i b l e  t o  i n -  
c r e a s e  t h e  i n t e n s i t y  by  u s in g  h ig h e r  e x c i t a t i o n  v o l t a g e s #
I n  t h e  c a s e  o f  th e  c o n d e n se d  d i s c h a r g e #  h i g h e r  p o t e n t i a l s  
c o u ld  b e  u s e d  a n d  f o r  l o n g e r  p e r i o d s  o f  tim e #
I  w ould  l i k e  t o  s u g g e s t  t h a t  s h o u ld  f u r t h e r  in v e s ti* »  
g a t  io n  b e  c a r r i e d  o u t  t h a t  t h e  i n v e s t i g a t o r  s t a r t  o u t  on  
u n c o n d e n se d  d i s c h a r g e s  w i th  a  He p r e s s u r e  o f  a b o u t  #5 mm#
Hg i n  t h e  d i s c h a r g e  t u b e  an d  o n ly  a  t r a c e  o f  H2# X t h i n k  
t h a t  an  e x p o s u re  o f  t h r e e  t o  f o u r  h o u r s  w ould  n o t  b e  o v e r  
lo n g #  From t h e r e  I  w o u ld  s u g g e s t  g o in g  t o  c o n d e n se d  d i s ­
c h a rg e s  w i th  p r e s s u r e s  r a n g in g  from  #5 mm# o f  Hg up t o  p e r ­
h a p s  1 cm# o f  Hg# I f  t h e  d i s c h a r g e  t u b e  i s  s o  d e s ig n e d  t h a t  
i t  d o e s  n o t  h e a t  s e r i o u s l y ,  a n  e x p o s u re  o f  a s  l o n g  a s  tw o  
h o u r s  w ou ld  c e r t a i n l y  g iv e  t h e  d e s i r e d  r e s u l t s  i f  t h e y  a r e  
t o  b e  o b ta in e d #  A w ord o f  c a u t i o n  on t h e  c o n d e n se d  d i s c h a r g e  
i s  t h a t  a  b l e e d e r  r e s i s t o r  o f  t e n  megohms c o n n e c te d  f ro m  t h e  
s p e c t r o g r a p h  to  g ro u n d  may s a v e  t h e  i n v e s t i g a t o r  a  s e r i o u s  
s h o c k , o r  w o rse  y e t ,  a  r u p t u r e d  vacuum  system #
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